Introduction
In recent years, there has been great interest in bringing metal complexes in close contact with single-wall carbon nanotubes (SWCNTs). Apart from covalent attachment, p-interactions of SWCNTs with polyaromatic moieties, such as pyrene or diazaacenes, could lead to applications in catalysis, photoinduced electron transfer or information storage. [1] [2] [3] Moreover, various acene derivatives and their precursors, the acenequinones, are promising candidates for small-molecule semiconductor applications and have been studied regarding their potential applications in thin film transistors. [4] [5] [6] Even anthraquinones and pentacenequinones are, like the anthracenes and pentacenes, potentially useful organic semiconductors, although their applications as organic semiconductors remain largely unexplored. [4] [5] [6] [7] [8] The derivatization or functionalization of acenes is mostly achieved by attaching alkyl, aryl, and alkyne residues at the middle of the acene framework in order to tune the HOMO-LUMO gap. Furthermore, these residues can have an influence on the acene arrangement in the solid state, e.g. regarding the manner of the p-stacking.
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Ruthenium carbon-rich allenylidene complexes with polyaromatic substituents have the ability to exchange electrons via the allenylidene unit, which might lead to a variety of applications like magnetic and optical devices. [12] [13] [14] [15] [16] [17] Since its first examples reported independently in 1976 by Fischer 18, 19 as well as by Berke, 20 the chemistry of transition metal allenylidene complexes increased significantly due to their promising chemical and physical properties and has been reviewed extensively by various authors. 14, [21] [22] [23] [24] [25] [26] Transition metal allenylidene complexes turned out to be interesting and useful complexes and intermediates for a huge range of chemistry and catalytic processes. 23, [27] [28] [29] Especially, the building block properties of allenylidene complexes in organic syntheses as well as their catalytic properties, for example as catalysts or pre-catalysts for the olefin metathesis, [30] [31] [32] [33] [34] [35] [36] [37] [38] arouse interest. Other reports focus on the esterification of propargyl alcohols 39 or the ring opening polymerization. [40] [41] [42] [43] Usually, electrophiles add to C-b of the allenylidene moieties, affording cationic carbyne complexes, 44 whereas nucleophiles attack at C-a or C-g. 
Results and discussion
The synthesis of the allenylidene complexes followed the procedure first reported by Selegue 52 by using the corresponding propargyl alcohols as building blocks. 10-Ethynyl-10-hydroxyanthracen-9-one (AO), 13-ethynyl-13-hydroxypentacen-6-one (PCO), 1-phenyl-1-(pyren-1-yl)prop-2-yn-1-ol (PyrPh), 9-ethynyl-9H-fluoren-9-ol (FN) and (Fig. 1) .
The structures of the complexes 1, 2 and 5 exhibit similar bond figure lengths and angles referring to the allenylidene unit and the anthraquinone, the pentacenequinone and the benzopyrene moieties (Table S2 , ESI †). The angle between Ru-C a -C b = 168.71 of complex 2 is more bent in comparison to +C a -C b -C g = 172.11 for 1 and 176.21 for 5, which could be the consequence of the staircase p-stacking (see below). However, these angles are closer to the ideal 1801 compared to the recently reported complex [Ru(bdmpza)Cl(PPh 3 )(QCQCQ(PCO))]. [49] [50] [51] 55 The C a -C b bond lengths (1.251 Å (1); 1.256 Å (2) and 1.250 Å (5)) and the C b -C g distances (1.356 Å (1), 1.360 Å (2) and 1.378 Å (5)) are typical for the allenylidene unit when compared to other published allenylidene complexes. 14, 21, [49] [50] [51] 55 The Ru-C a bond distances of 1.895 Å (1), 1.907 Å (2) and 1.925 Å (5) are in good agreement with the distances of Ru-C cumulenylidene bonds. 14, 21, [49] [50] [51] 55 The experimental distances of the molecular structure of 2 are in good accordance to the theoretical values gained by DFT calculations (Table S2 , ESI †).
While the packing analysis of complex 1 exhibits the formation of dimeric units in the solid state due to p-stacking, the p-stacking of 2 causes the formation of a staircase arrangement with short interplanar distances of 3.39 and 3.37 Å (Fig. 1) . The pentacenone units are arranged by this face-to-face p-stacking, which typically comes along with some displacement along the molecular axis, to form this staircase packing. Thus, one of the common packing motifs adopted by semiconducting p-molecules is reflected in this crystal structure. As a result, complex 2 could represent a good design for n-type semiconductors in thin film transistors. It was also possible to investigate the aggregation of 1-5 with pyrene in solution, by UV/Vis titration experiments. The stoichiometry of the aggregation was determined by recording Job's plots. 56 The plots of the complexes 3, 4 and 5 show maxima at w = 0.5, which indicate the formation of 1 : 1 adducts in solution (Job's plots of 1, 4 and 5 with pyrene: Fig. S1 -S3, ESI †). Moreover, also the graphs of the anthraquinone and pentacenequinone based complexes 1 and 2 seem to show maxima at w = 0.5 at a first glance. But at a closer look, these graphs might point out local maxima at w = 0.4 and w = 0.6 ( Fig. 2) , which could indicate an equilibrium of 1 : 2 and 2 : 1 pyrene : complex adducts at the concentrations used for the titration experiments, besides the 1 : 1 adducts. A shoulder in the Job's plot of 5 at w = 0.8 might also indicate the presence of 2 : 1 pyrene : complex adduct species.
To back these titration results, we then investigated the aggregation of the complexes 2 and 5 with pyrene via cryospray-ionisation mass spectrometry (CSI-MS). The data is in accordance with the conclusions drawn from the Job's plots measurements and indicate an 1 : 1 adduct in case of complex 2 and a 2 : 1 pyrene : complex adduct in case of 5, respectively (CSI-MS, see Fig. S4 and S5, ESI †).
The cyclic voltammetric (CV) analysis of the complexes 1-5 reveals several ligand based reductions and one ruthenium-based oxidation for some of the complexes. For complexes 1, 3 and 4, 60 Furthermore, they reported on irreversible ligand-centered oxidation processes around 1.4 V. It is worthwhile mentioning that complexes 2-5 exhibit similar irreversible oxidations in the range of 1.25 V to 1.48 V which thus might also be ligand-centered. However, for complex 2 and 5, two reversible processes at À0.64 V and À1.28 V and À0.73 V and À1.65 V, respectively, correspond to the reduction of the organic moiety of the complex, i.e. the allenylidene unit bearing the pentacene or the benzopyrene moiety. Exemplary scans for complexes 2 and 5 are depicted in Fig. 3 (for full CV data of the complexes see Fig. S6 -S10, ESI †). Obviously, the complexes possess a significant electron-acceptor potential compared to PCBM ([6,6]-phenyl-C61-butyric acid methyl ester), which is known as an excellent electron-acceptor (pristine PCBM exhibits three reduction peaks at À1.11 V, À1.33 V, and À1.92 V vs. Ag/Ag + ). 61 Thus, according to the observed reduction processes future application of complexes 2 and 5 as electron-acceptors might be possible. On the other hand suggest the observed (metal centered) oxidation processes electron donor properties for some of the complexes. UV/Vis spectra of the complexes were recorded in CH 2 Cl 2 ( Fig. 4 and Fig. S11 -S15, ESI †). All allenylidene complexes 1-5 show characteristic absorptions corresponding to MLCT transitions in the range of 400 nm to 700 nm. Complexes 2, 3, and 5 exhibit rather intense absorption bands with extinction coefficients in a range of 20 000 to 45 000 L mol À1 cm À1 (Fig. 4 and 5 ).
Due to the nearly panchromic absorption and high extinction coefficients, the pentacenequinone, pyrenophenone and benzopyrenone-based complexes 2, 3 and 5 could represent promising dyes for dye-sensitized solar cells (DSSC). Furthermore, the allenylidene complexes show broad transitions at the edge of the NIR region, at about 900-1000 nm, which can be attributed to HOMOÀ1 -LUMO and HOMO -LUMO excitations. Surprisingly, UV/Vis measurements regarding complex 2 revealed no absorptions located in this region, which is in accordance to the TD-DFT calculations of the excited state of 2. The transitions at lower wavelength of 3 and 5 are in good agreement with former TD-DFT calculations.
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Experimental
All air sensitive compounds were prepared under dry argon or nitrogen atmosphere using conventional Schlenk techniques. The yields refer to analytically pure substances. The starting compounds were used as purchased without further purification. 62 10-ethynyl-10-hydroxyanthracen-9-one, 49 13-ethynyl-13-hydroxy-pentacen-6-one, 50 1-phenyl-1-(pyren-1-yl)-
prop-2-yn-1-ol 55 and 6H-benzo[cd]pyren-6-one 63 were prepared according to the literature.
Synthesis of 6-((trimethylsilyl)ethynyl)-6H-benzo[cd]pyren-6-ol
n-Butyllithium (1.95 mL, 1.6 M in hexanes, 3.12 mmol, 8 equiv.) was added dropwise to a solution of TMS-acetylene (0.55 mL, 3.90 mmol, 10 equiv.) in THF (20 mL) at À50 1C under argon atmosphere. The mixture was warmed to room temperature and stirred for 45 minutes. 6H-Benzo[cd]pyren-6-one (100 mg, 0.394 mmol) was added as a solid in one portion and the resulting solution was stirred at room temperature for 14 hours. The reaction mixture was quenched by the addition of water (5 mL) and the solvent was removed in vacuo. The crude product was loaded on a column (silica, + 4 cm, length 10 cm) and eluted with acetone/n-pentane (1 : 1, v/v) to obtain the brown product (R f = 0.6) in yield of 128 mg (0.241 mmol, 93% and dried in vacuo. The filtrate was worked up as before to give a second crop of the product, yield 343 mg (0.335 mmol, 67% FN-CH) 
X-ray structure determination
The structure determination for 1 and 2 were carried out on a Bruker-Nonius Kappa-CCD diffractometer. For the structure of 5 X-ray intensity data was collected on an Agilent Supernova Dual Source diffractometer equipped with an Atlas S2 CCD detector. In all cases Mo-Ka radiation (l = 0.71073 Å) was used. Single crystals of 1, 2 and 5 were coated with perfluoropolyether, picked with a glass fiber or loop, and immediately mounted in the nitrogen cold gas stream of the diffractometer.
The structures were solved by using direct methods and refined with full-matrix least squares against F 2 (SHELX-97). 64 ,0)]/3. The hydrogen atoms were included in their calculated positions and refined in a riding model. The asymmetric unit of 1 contains one disordered diethyl ether molecule that was refined in a 1 : 1 ratio on two positions. The asymmetric unit of 2 contains one acetone and one diethyl ether molecule and in case of complex 5 one dichloromethane and half a molecule of disordered n-hexane were found. Since it was not possible to resolve the disorder of this n-hexane, SQUEEZE was applied in case of 5.
65, 66 The structure pictures were prepared with the program Mercury. 67 
Calculations
All density-functional theory (DFT)-calculations were carried out by using the Jaguar 7.7.107 software running on Linux 2.6.18-238.el5 SMP (Â86_64) on two AMD Phenom II X6 1090T processor workstations (Beowulf-cluster) parallelized with OpenMPI. 68 The X-ray crystal structure of 2 was used as starting geometry. Complete geometry optimization was carried out on the implemented LACVP* (Hay-Wadt effective core potential (ECP) basis on heavy atoms, N31G6* for all other atoms) basis set and with the B3LYP density functional. The calculated structure was proven to be a true minima by the absence of large imaginary frequencies. Orbital plots were obtained using Maestro 9.1.207, the graphical interface of Jaguar. UV/Vis transitions were obtained by time dependent (TD) DFT-calculations on the geometry of the minimized structure.
Conclusions
Carbon-rich, cationic Cp-ruthenium allenylidene complexes bearing a range of polyaromatic moieties have been synthesized. These complexes show significant p-stacking in the solid-state structures, especially 1 and 2, and in solution p-stacking interactions were established by UV/Vis experiments with pyrene and the associated Job's plots. High extinction coefficients in the visible spectrum, as well as absorptions in the near-IR, demonstrated by the complexes suggest potential applications in DSSCs, particularly since these complexes are very stable according to TGA analyses. The CV data implies significant electron-acceptor potential of the complexes. Especially, complex 2 shows a staircase p-stacking in solid state that might be a good design for future metal-tuned FETs or ''organic'' metal-semiconductor field-effect transistors (OMESFETs). Future work will focus on the question whether SWCNTs can be decorated with such complexes by p-interactions.
